This essay proposes that the ecologic association shown between the 20th century coronary heart disease epidemic and the 1918 influenza pandemic could shed light on the mechanism associated with the high lethality of the latter. It suggests that an autoimmune interference at the apoB-LDL interface could explain both hypercholesterolemia and inflammation (through interference with the cellular metabolism of arachidonic acid). Autoimmune inflammation, then, would explain the 1950s-60s acute coronary events (coronary thrombosis upon influenza re-infection) and the respiratory failure seen among young adults in 1918. This hypothesis also argues that the lethality of the 1918 pandemic may have not depended so much on the 1918 virus as on an immune vulnerability to it, possibly resulting from an earlier priming of cohorts born around 1890 by the 1890 influenza pandemic virus.
We may be living in revolutionary times in the field of biological sciences. As stated by Goldenfeld and Woese (1) referring to the evidence of horizontal gene-swapping within microbe collectives, "molecular reductionism that dominated the 20th century biology will be superseded by an interdisciplinary approach that embraces collective phenomena (p. 369)". Also the growing recognition of the coconstruction of both life and its environment at the molecular (2), organism (3) (4) (5) and population (6) levels, increasingly frames such collective phenomena as contextual. According to Gould (6) , the events of our complex natural world always result from particular historical sequences that "unfurl along the pathways actually followed, rather than along any of the myriad equally plausible alternatives (p. 36)". Science always mistrusted and downgraded contingent events. The experimental methodology and the "laws of nature" type of explanations assumed such a paradigmatic strength in science as to be considered the sole representatives of the true scientific endeavor. But, according to Gould, the contingency's domain needs to be recognized in its true dimension: one as broad and important as anything deducible from natural law. "Contingent events, though unpredictable at the onset of a sequence, are as explainable as any other phenomena after they occur. The explanations as contingent rather than lawbased do require a knowledge of the particular historical sequence that generated the result, for such resolutions must be in the narrative rather than deductive model (6, p. 36)".
Traditional epidemiology -the one practiced until the 1940s-50s and defined by Kuller (7) as "the study of epidemics and their prevention (p. 1051)" -was conceived M.I. Azambuja www.bjournal.com.br as a way to investigate contingent events, with the purpose of preventing similar occurrences in the future: "Epidemiology was 1) the study of epidemics (contingent events) in relation to time, place and person; 2) built on a strong biological rationale, and 3) the basic science of public health (7, p. 1051)".
Epidemics are unique events with respect not only to the environmental challenge initiating them, but also to the circumstantial pattern of resistance/vulnerability (for the lack of a better concept) of the exposed population, built during the course of all previous nature-nurture interactions taking place on and across its several levels of organization (molecular, individual and collective) along time (history) (8) .
The 1918 influenza pandemic was unusually severe, causing about 40 million deaths around the world. Its high level of lethality has been attributed to the virus itself (9, 10) . However, this interpretation is not consistent with the contextual nature of a new biology. If context is indeed important, the 1918 phenomenon must have resulted from a convergence between the virus and a particular pattern of population vulnerability to it. Supporting this claim is the unusual concentration of high rates of lethality among young adults found during that period (11). Since we would not know how to identify vulnerability to the virus at the individual level, we would need to look for clues as to its distribution at the only place they might be found, i.e., at the population level (12) .
Based on this rationale, it would make sense to investigate the mechanism resulting in the 1918 influenza lethality by looking at another collective phenomenon proposed to be associated with the vulnerability of the 1918 population to the influenza virus, i.e., the 20th century coronary heart disease (CHD) epidemic (8, (13) (14) (15) .
Wade Hampton Frost (16), a leading epidemiologist of the US Public Health Service, wrote in 1927: "The opinion is more or less prevalent that inferences based upon epidemiological argument cannot be truly conclusive, because the evidence is purely circumstantial. Such opinion has frequently failed to take account of the whole mass of evidence, and to follow the argument which is necessary built up step by step in a somewhat complex and perhaps tedious way. Given sufficient scope and accuracy of observations, a conclusion as to the nature and spread of a disease may often be established quite firmly by circumstantial evidence well in advance of experimental confirmation... The weakness in conclusions drawn from circumstantial studies is usually chargeable not to basic defects in the methods of investigation, but more often to paucity or inaccuracy of data, or faults of logic in their interpretation (16, p. 190 )". Following Frost's lead, the idea is that the clues regarding this epidemiologic association together with a strong biologic rationale -drawn, by analogy, from evidence reported in the literature -could shed light on the mechanism responsible for the influenza lethality in advance of experimental confirmation. It is left to the reader to judge the results of this enterprise.
It was first proposed in 1994 (13) that a cohort association existed between rates of vulnerability to influenza deaths in 1918 and CHD mortality among survivors from those vulnerable birth cohorts. According to this hypothesis, hypercholesterolemia -the hallmark of CHD cases in the 1950s and 60s -may have been an effect secondary to the influenza priming of 1918 vulnerable individuals for late development of CHD. CHD deaths, however, were probably associated with bursts of auto-immune endothelial inflammation and thrombosis associated with influenza re-infections (8, 14, 15) .
Mimicry between the amino acid sequences involved in cell attachment of the viral hemagglutinin and those of apolipoprotein B (apoB) involved in the low-density lipoproteins (LDL) binding to high affinity LDL receptors (LDLR) has been described in some strains of the influenza virus (17) .
An autoimmune interference at the apoB-LDLR interface might explain the development of hypercholesterolemia. In familial hypercholesterolemia, raised serum LDL cholesterol levels result from an interference in the LDLR pathway, commonly caused by a loss of function mutation in the LDLR gene or by a mutation in the gene encoding apoB (18) .
Also, cross-reactive auto-antibodies directed against the apoB-LDLR interface could lead to sub-endothelial coaccumulation of lipids and immune products, and result in lipid peroxidation. This sequence of events has been fully demonstrated in cases of Heymann nephritis, an autoimmune disease in which the main auto-antibodies target (megalin/gp330) is also a member of the LDLR family (19) . Thus, it would be possible that, in vulnerable individuals, cross-reactive auto-antibodies (and T cells) diverted to the apoB-LDLR interface, first elicited by the 1918 influenza infection and recalled upon influenza reinfections of 1918 primed individuals, resulted in elevated serum cholesterol levels (aggravated by high-fat diets) and lipid deposits co-localized at sites of viral penetration: the left side of the heart, coronary arteries and the aortic arch (8, 14, 15) .
But what would the mechanism initiating the autoimmune endothelial inflammation and thrombosis resulting in the high CHD lethality observed during the 1950s and 1960s influenza epidemics be? And could it give us a clue Heart disease epidemic and the 1918 influenza lethality www.bjournal.com.br as to the mechanism responsible for the high lethality of the 1918 influenza pandemic?
The recent discussion about untoward cardiovascular effects of selective anti-inflammatory drugs has taught us about an important group of inflammatory mediators associated with vascular homeostasis, i.e., the cyclooxygenase (COX) products (20) . COX is the rate-limiting enzyme in the synthesis of prostaglandins (PG) from free arachidonic acid (AA). It exists as two isoforms, COX-1 (mostly constitutive) and COX-2 (mostly inducible in pathologic situations) (20) .
In 1988, Krone et al. (21) showed that PGE1, PGE2, and prostacyclin (PGI2) affected the LDLR activity and cholesterol synthesis in isolated mononuclear leukocytes. In 2002, Smith et al. (22) showed that, in cultured endothelial cells, PGI2 formation is regulated by LDL cholesterol levels. Both findings reinforce the suggestion made by Salbach et al. (23) in 1991 of a new role for the LDLR, the regulation of cellular levels of free AA, and hence, of PG synthesis.
The LDLR AA pathway does appear to couple directly to the PGH synthase reaction, but not to the 5-lipoxygenase (5-LOX) reaction (24) . Thus, upon re-infection, an interference on this pathway could result in a LOX-COX products imbalance. Interestingly, polymorphism studies of the gene ALOX5AP (which encodes the 5-LOX-activating protein) have shown that variants of this gene are associated with twice the risk of developing myocardial infarction and stroke. These high-risk variants are associated with increased production of leukotriene B4 -a key product of the 5-LOX pathway (25) . It is possible that any imbalance in favor of 5-LOX products, irrespective of its cause, increases the risk of vascular inflammation and thrombosis.
If the experimental evidence suggests that: a) LDLR has a role both in the cellular cholesterol metabolism (18, 19) and in the regulation of PG synthesis (21-23), b) cross-reactive autoimmunity may target members of the LDLR family (19) , and c) mimicry may exist between amino acid sequences involved in cell attachment of the viral hemagglutinin and those of apoB involved in LDL binding to high affinity LDLR (17), then a cross-reactive autoimmune response that targets the LDLR-apoB interface could explain not only the cholesterol-related features of the atherosclerotic process, but also the thrombotic component of the atheroma, which was proposed by Morris (26, 27) in 1951 to be the main factor responsible for the CHD-related events.
Furthermore, as we will see, the same interference could be implicated in the immunopathogenic response to the 1918 influenza infection. Recently, COX-1 and COX-2 enzyme concentrations were shown to have significant effects on the host response to influenza A viral infection (28) . Among other findings, the authors described a marked elevation of lung viral titers in COX-2 -/-mice relative to wild-type and COX-1 -/-mice on day 4 of infection (28) . This resembles the unabated load of viral antigens in lungs of 1918 virus-infected monkeys by day 6, compared to no viral antigen expression in K173 virus-infected animals, recently described by Kobasa et al. (10) . The whole picture of antiviral response dysregulation in macaques infected with the 1918 influenza virus (10) is highly suggestive of an imbalance in COX products expected to modulate the inflammatory process.
Thus, available experimental evidence supports the epidemiologic hypothesis of association between the 1918 influenza lethality and the 20th century CHD mortality. Or, conversely, the (epidemiologic) cohort association shown to exist between the 1918 influenza lethality and the 20th century CHD mortality suggests a common mechanism for both events, i.e, an interference at the apoB-LDL interface, possibly autoimmune and restricted to some particularly vulnerable birth cohorts. Such interference would explain the high serum cholesterol levels characteristic of CHD cases occurring at the height of the CHD epidemic, the thrombosis found in association with sudden unexpected CHD deaths in the 1950s (reinfection-related?), and also the high lethality of the 1918 influenza epidemic.
The cause of the high vulnerability of the 1918 young adults to autoimmunity and high lethality in 1918 and to high CHD mortality in the years to come would still remain unexplained. An interesting possibility would be that their particular cohort vulnerability had been initiated many years earlier, when they first encountered an influenza virus, which, in their case, was possibly the virus associated with the 1890 influenza pandemic. Recently, it was shown that hidden epitopes may emerge after a secondary challenge with an influenza virus, which may switch protective immunity to an alternative antibody-mediated pathway (29) . Thus, it would be possible that the high pathogenicity of the influenza infection registered among young adults in 1918 resulted from an immune response that went awry among those individuals originally primed by the 1890 virus.
A historically built vulnerability of particular birth cohorts to death during the 1918 influenza pandemic and, later on, to death from CHD (coronary thrombosis) upon influenza reinfection would be a strong argument in favor of a new biology, understood as a contextual science. This paper demonstrates the relevance of epidemiology, here understood as a discipline engaged in the study of collective, contextual phenomena, either as a source of M.I. Azambuja www.bjournal.com.br hypotheses (like the association between the 1918 influenza pandemic and the CHD epidemic, and between the 1918 lethality and earlier priming by the 1890 influenza virus) or as a checking point to which knowledge produced at the individual and sub-individual levels needs to conform (and vice versa). Making connections between the different levels of biologic organization and knowledge within a contextual framework may be the formula needed to escape the 20th century reductionism and to advance biological knowledge.
